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A Disc Brake 

[0001] This application is a continuation of pending International 
Patent Application No. PCT/SE2003/000290 filed on February 21, 2003, 
which designates the United States and claims priority of pending Swedish 
Patent Application No. 0200495.0 filed on February 21, 2002 and United 
States Provisional Patent Application No. 60/359,729 filed on February 27, 
2002. 

Field Of The Invention 

[0002] The present invention relates to an electronically controlled 
disc brake with self-servo effect. 

Background of the Invention 

[0003] It is well known in the art that a self-servo effect for a disc 
brake on a vehicle may be obtained by applying a brake pad against the 
rotating brake disc, where the brake pad is tangentially movable in relation to 
the brake disc over inclined ramp means or the like. 

[0004] The problem with such designs has hitherto been the relatively 
poor controllability, especially if hydraulic or pneumatic brake actuators have 
been used and if a great self-servo effect was desired. 

[0005] We now see an increasing use of electronically controlled 
brake actuators, especially electric motors, which greatly improve the 
controllability of the brakes. 

[0006] The main object of the invention is to accomplish a disc brake 
of this kind, which is as simple, cheap and effective as possible, providing a 
low level of actuation energy, low weight and high reliability, and which may 
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provide the desired self-servo effect in both rotation directions of the brake 
disc, which is of importance not only for service braking but also for parking 
braking. 

The Invention 

[0007] This may according to the invention be obtained in that a disc 
brake comprises 

[0008] a ramp plate provided with a brake pad for engagement with a 
brake disc, 

[0009] an actuator for applying a control force on the ramp plate 
substantially transverse to the brake disc, 

[00010] a ramp bridge, and 

[00011] rollers movable in ramps in surfaces facing each other of the 
ramp plate and the ramp bridge, 

[00012] the arrangement being such that a movement of the ramp 
plate in the tangential direction of the brake disc will cause it to move towards 
or away from the brake disc. 

[00013] For enabling the ramp plate to obtain a position substantially 
parallel with the brake disc at all times, there are preferably two ramp and 
roller arrangements between the ramp plate and the ramp bridge, but in 
certain cases the number of such arrangements may be higher. 

[00014] The ramp bridge is normally attached to a brake caliper placed 
astraddle of the brake disc. 
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[00015] The ramps may be straight or curved depending on the 
desired characteristics of the disc brake. 

[00016] The movement of the rollers may be synchronized by means 
of a common roller cage, especially if the ramps are curved. 

[00017] It has been stated that the actuator may be pneumatic or 
hydraulic, but it is preferred to use an electric motor as the actuator. 

[00018] The control force may as a first alternative be applied by 
means of a control rod. 

[00019] However, as a second and presently preferred alternative, the 
control force is applied over an eccenter mechanism between the ramp plate 
and the ramp bridge, the eccentricity of the mechanism and thus the distance 
between the ramp plate and the ramp bridge being adjustable by means of 
the electric motor. 

[00020] In the force transmission from the electric motor there is 
preferably provided a brake means for keeping the outgoing shaft of the motor 
non-rotatable, when the motor is not energized for rotation in either of its two 
rotational directions. 

[00021] In a practical embodiment the rotation of the electric motor is 
transferred to the eccenter mechanism via an angle transmission from a 
motor rod to a bevel gear disc, which is rotatably attached to the ramp bridge 
and is part of the eccenter mechanism. 

[00022] Preferably the rotation of the electric motor is transferred to 
the eccenter mechanism via a bevel gear on the motor rod in engagement 
with the bevel gear disc, but alternatively a worm gear mechanism may be 
used instead of the bevel gear and the bevel gear disc. 
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[00023] As the ramp bridge may be movable in relation to the fixed 
motor, the bevel gear is axially movable on the motor rod by being in splines 
engagement therewith. 

[00024] In order to obtain a brake clearance adjusting function of the 
disc brake, thus compensating for the wear of the brake pad at braking, the 
position of the ramp bridge in relation to the brake caliper may be adjusted in 
the direction transverse to the brake disc by means of two adjustment screws. 

[00025] The two adjustment screws are preferably connected by 
means of a chain or the like for their synchronous rotation. 

[00026] In order to provide - to a control system for the disc brake - a 
signal corresponding to the obtained tangential brake force, a force sensing 
means can be arranged between the ramp bridge and the brake caliper. 

[00027] If a force sensing means is arranged at either side of the ramp 
bridge, signals are provided in both rotation directions and the disc brake may 
also be mounted in optional positions. 

[00028] There may further be force sensing means between the 
adjustment screws and the caliper for providing a signal indicative of the axial 
brake force. 

[00029] In a first preferred embodiment of an eccenter mechanism a 
crank rod is pivotably attached at one of its ends to the ramp plate and at its 
other end eccentrically to the bevel gear. 

[00030] In a second embodiment of an eccenter mechanism a roller is 
eccentrically rotatably attached to the bevel gear and is in engagement with a 
slot in the ramp plate substantially parallel with the brake disc. 
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Brief Description of the Drawings 

[00031] The invention will be described in further detail below under 
reference to the accompanying drawings, in which 

[00032] Fig 1 is a very schematic top view of a disc brake arrangement 
for illustrating a principle of the invention, 

[00033] Figs 2 and 3 are schematic top views of disc brake calipers 
embodying the invention, and 

[00034] Figs 4-6 are schematic top views of embodiments of a disc 
brake according to the invention. 

Description of Embodiments 

[00035] As shown in Fig 1 , a brake disc 1 is rotating in the direction of 
an arrow 1'. A ramp plate 2 is provided with a brake pad 3 for braking 
engagement with the brake disc 1 at will. The ramp plate 2 is movably 
connected to a ramp bridge 4, which for the purpose of this simple 
explanation can be regarded as fixed, by a connecting means 5, here 
illustrated as a line. 

[00036] At their surfaces facing each other, the ramp plate 2 and the 
ramp bridge 4 are provided with curved or straight ramps 2' and 4', 
respectively. A roller 6 is freely rotatable between the ramps 2' and 4'. 

[00037] In a rest position (or a position for a non-applied brake) the 
unit comprising the ramp plate 2 (with its brake pad 3), the roller 6 and the 
ramp bridge 4 is held with the brake pad 3 at a small distance from the 
rotating brake disc 1 and with the roller 6 in the "bottoms" of the ramps 2' and 
4'. 
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[00038] For brake application, a control force which is substantially 
transverse to the brake disc 1 (or in other words substantially axial) is applied 
on the ramp plate 2, in the shown case over the connecting means 5 as 
indicated by its upper arrow, until contact between the brake pad 3 and the 
disc 1 is established. By means of the friction force, the ramp plate 2 is 
transferred to the left in the drawing, so that the roller 6 rolls up the relevant 
ramps 2' and 4' and an application force is accomplished without applying 
any external brake force besides the control force. In other words the brake 
has a self-servo effect. 

[00039] The application force may be controlled by the control force, 
which can be positive or negative. This is indicated by the provision of also a 
lower arrow on the connecting means 5, but is not further illustrated and 
described in connection with Fig 1 . 

[00040] If the brake disc 1 rotates in the opposite direction, the 
arrangement will function in a similar way due to the provision of the 
respective double ramps 2' and 4\ 

[00041] In the shown case the ramps 2' and 4' are curved, but they 
can alternatively be straight. By having a certain curvature of the ramps, a 
desired brake application characteristic can be obtained. 

[00042] In Fig 2 there is schematically shown a disc brake caliper 7 to 
be placed astraddle of a brake disc (not shown). The caliper 7 is provided with 
a fixed brake pad 8 at the side of the brake disc opposite the brake pad 3 of 
the ramp plate 2. Rollers 6 are arranged between double-sided ramps 2' on 
the ramp plate 2 and corresponding ramps 7' on the caliper 7. An axial control 
force can be applied to the ramp plate 2 by means of a control rod 9 acting on 
the ramp plate 2 via a roller or ball 10 for enabling the ramp plate 2 to move 
perpendicular thereto or tangentially with the brake disc (not shown). 
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[00043] In: the same manner as has been described above, the ramp 
plate 2 will be transferred by friction forces between the brake disc (not 
shown) and the brake pad 3, and a brake application with self-servo effect will 
be accomplished by the rollers 6 rolling up the ramps 2' and 7\ 

[00044] The provision of two rollers 6 is necessary in order to support 
the ramp plate 2 with its brake pad 3 substantially parallel with the brake disc. 

[00045] In this arrangement the control force is applied by the control 
rod 9. By proper choice of ramp angles for non-self-locking of the brake pad 3 
to the brake disc 1, the application force can be controlled by a control force 
that is always positive. 

[00046] Fig 3 shows a brake arrangement of substantially the same 
kind as that shown in Fig 2 but with more features and a higher degree of 
sophistication. 

[00047] Again, a disc brake caliper 7 is to be placed astraddle of a 
brake disc (not shown). The caliper 7 is provided with a brake pad 8. The 
ramp plate 2 is provided with a brake pad 3 on the opposite side of the brake 
disc. A ramp bridge 4 is supported by the caliper 7 by means of two 
adjustment screws 1 1 . Two rollers 6 are arranged between ramps 2' and 4' in 
the ramp plate 2 and the ramp bridge 4, respectively. 

[00048] A control rod 9 is axially movably guided in the ramp bridge 4 
and applies a control force over a rod plate 9' acting on balls or rollers 10. 

[00049] A negative control force on the ramp plate 2 can also be 
accomplished in that the ramp plate 2 is provided with a cage 2', on which 
return rollers 12 in contact with the rod plate 9' can act at a negative control 
force on the control rod 9. In practice the control rod may be rotated by an 



Express Mail No. EL 574 205 1 15 US 



electric motor (not shown), and its axial movement may be accomplished by a 
ball screw arrangement 13 between the ramp bridge 4 and the control rod 9. 

[00050] The purpose of the adjustments screws 11 is to properly 
position the ramp plate/bridge unit with the brake pad 3 at a small distance 
from the brake disc (not shown), ready for brake application. 

[00051] The arrangement according to Fig 3 will be fully controllable 
for instant applications and releases by the electric motor rotating the control 
rod 9, and the controllable self-servo effect is obtained in both rotation 
directions of the brake disc placed between the two brake pads 3 and 8. 

[00052] A disc brake arrangement shown in Fig 4 has functional 
similarities with the one shown in Fig 3. In this Figure the caliper is only 
indicated as attachment or support portions, whereas on the other hand the 
brake disc 1 is shown, with which the brake pad 3 on the ramp plate 2 is to 
cooperate. 

[00053] The ramp bridge 4 is connected to the indicated caliper by 
means of two adjustment screws 1 1 in two threaded bores in the ramp bridge 
4. Two rollers 6 are arranged between ramps 2' and 4' on the ramp plate 2 
and the ramp bridge 4, respectively. 

[00054] Although it is not shown in Fig 4 or any other Figure, it may be 
advantageous for obtaining full control and a completely synchronous 
movement of the rollers 6 (irrespective of their actual number) to provide a 
common roller cage for the rollers 6, especially for curved ramps 2' and 4'. 

[00055] The mechanism for creating the control force is different from 
that of Fig 3. 
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[00056] An electric motor 14 can rotate a motor rod 15 in either 
direction over a rotational speed reducing gear box 16. A bevel gear 17 
supported by an arm 18 from the ramp bridge 4 can be rotated by the rod 15 
but is axially movable thereon by a splines engagement. The bevel gear 17 is 
in driving gear engagement with a bevel gear disc 19 rotationally supported by 
the ramp bridge 4. Eccentrically connected to the bevel gear disc 19 is a 
crank rod 20 rotationally connected to the ramp plate 2. 

[00057] By turning the bevel gear disc 19 in either direction by means 
of the bevel gear 17 from the motor 14 over the gear box 16, the position of 
the ramp plate 2 in relation to the ramp bridge 4 can be set. In this case the 
control force is transmitted by the crank rod 20. When a friction engagement 
between the brake pad 3 and the brake disc 1 has been established an 
application force amplification will be accomplished by the rollers 6 climbing 
its ramps 2' and 4' in response to the tangential movement of the ramp plate 
2 caused by the friction engagement with the brake disc 1 . The application 
force may be accurately controlled by rotating the motor 14 in either direction. 

[00058] The adjustment screws 1 1 have the purpose of adjusting the 
position of the ramp bridge 4 in relation to the wear of the brake pad 3 (and 
the corresponding brake pad on the opposite side of the brake disc 1). The 
synchronous rotation of the adjustment screws 1 1 is performed from the gear 
box 16 by a chain 21 in a way not further described. 

[00059] In the force transmission from the motor 14 there may be 
provided an active or passive brake means 14' for the purpose of preventing 
the motor 14 from consuming current, when there is no command from the 
driver of the vehicle or the control system of the brake to rotate the motor in 
any direction. The brake means 14' accordingly has the function to keep the 
outgoing motor shaft non-rotatable, when the motor 14 is not energized to 
rotate in either of its two rotational directions. 
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[00060] In a disc brake with self-servo effect of the kind described 
herein it is of great importance to incorporate a control system for governing 
the rotation of the motor 14 for obtaining the desired brake function. An 
important parameter for this control function is the actual tangential brake 
force obtained. In the present case this parameter may be assessed in the 
following way. 

[00061] A force sensing means of any suitable kind is arranged 
between the only indicated caliper 7 and the ramp bridge 4. Such a force 
sensing means can transmit signals indicative of the tangential brake force. 

[00062] For example, a pressure-transmitting medium 22, preferably 
rubber, is arranged in a bore in the transverse end of the ramp bridge 4 and is 
acted on by a plunger 23 in contact with the caliper. A push rod 24 is in 
contact with the medium 22 at one of its ends and with a sensor element 25 at 
its other end. Signals indicative for the force applied by the push rod 24 and 
thus the pressure in the medium 22 can be transmitted from the sensor 
element 25 to the control system of the brake. 

[00063] A similar force sensing means may also be arranged at the 
other end of the ramp bridge 4 for providing force signals at a rotation in the 
opposite direction of the brake disc 1 or in other words at reverse driving of 
the vehicle on which the brake arrangement is mounted. A further advantage 
with this is that the disc brake may be mounted at the left or right hand side of 
the vehicle. 

[00064] Further, similar force sensing means (not shown) may be 
arranged between the caliper 7 and the adjustment screws 1 1 for obtaining 
signals indicative of the forces transverse to the brake disc 1 or in other words 
the axial forces to be supplied to the control system of the brake. 
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[00065] Fig 5 shows a slightly amended version of the brake shown in 
Fig 4. For the sake of clarity, reference numerals are only provided for parts 
that differ between the versions of Figs 4 and 5. (In Fig 5 - as well as in Fig 6 
to be described below - the motor brake means 14' and the gear box 16 are 
omitted.) 

[00066] In the version according to Fig 5 the adjustment screws 1 1 are 
non-rotatably attached to the caliper, whereas the ramp bridge 4 is provided 
with rotatable nuts 26 connected by a chain 21 for synchronous movement of 
the ramp bridge 4 at the two adjustment screws 11. 

[00067] A further embodiment of Fig 6 has many similarities with that 
of Fig 4, and again only parts that differ between the two embodiments are 
described and provided with reference numerals. 

[00068] In this embodiment there is no crank rod 20 from the bevel 
gear disc 19 on the ramp bridge 4 for eccentrically controlling the distance 
between the ramp plate 2 and the ramp bridge 4. Instead there is an 
eccentrically positioned roller 27 on the bevel gear disc 19 for cooperation 
with a slot 28 in a portion of the ramp plate 2 extending past the eccentric 
roller 27, said slot being substantially parallel with the brake disc land having 
a width corresponding to the diameter of the roller 27. At a turning of the bevel 
gear disc 19 and a corresponding movement of the eccentric roller 27 in the 
slot 28 the mutual distance between the ramp plate 2 and the ramp bridge 4 
will be changed. 

[00069] For obtaining specific characteristics of the brake the slot 28 
may alternatively be given a certain curve shape. 

[00070] It is obvious that many modifications and improvements may 
be made within the scope of the amended claims. For example, in the 
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embodiments according to Figs 2-6 the number of ramp and roller 
arrangements 2 , 4', 6 is two in order to ensure that the ramp plate 2 is kept 
parallel to the brake disc 1 , but the number of such arrangements may be 
higher for specific purposes. Further, in the embodiments according to Figs 4 
and 5 the transmission by means of the bevel gear 17 and the bevel gear disc 
19 may be replaced by a worm gear mechanism or any other type of angle 
transmission. 
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